Objective: Classification of menopause status often relies on self-report and is centrally important to research and clinical practice. This study was designed to assess the validity of self-reported hysterectomy and oophorectomy.
B
iologically, menopause is defined as the permanent cessation of ovulation, marked by the end of menstruation.
1,2 Classification of women as premenopausal or postmenopausal and the identification of the age at which a woman underwent menopause are centrally important to many epidemiologic studies because risk factors for disease may vary with menopause status. 3/6 The menopausal transition is a gradual and dynamic process, differing in duration, timing, and symptoms between women. 1, 2 Classification of menopause status can therefore be rather complicated in epidemiologic studies and in clinical practice, not only because of the gradual transition but also because many women have a hysterectomy without an oophorectomy, making it difficult to know when women transition through menopause because of the absence of menstrual bleeding. 7 There exists a great deal of variation between epidemiologic studies with respect to classifying menopause status and the detailed information collected on which such classification is based. One common challenge arises in the population of women with surgically induced menopause, particularly women who experienced cessation of menstruation at the time of a simple hysterectomy (ie, without bilateral oophorectomy). Epidemiologic studies wishing to classify the menopause status of women with a history of hysterectomy and/or oophorectomy commonly take an approach of grouping together all such women as Bsurgically postmenopausal[ 8 or, alternatively, considering all women with a previous bilateral oophorectomy to be postmenopausal and considering women with a previous hysterectomy (without bilateral oophorectomy) to be postmenopausal only if they have attained a particular age or have initiated the use of hormone therapy. 9 Classification of menopause status based on this information is dependent on the ability of women to accurately report their surgical history and the ability of the study questionnaires to accurately capture such information.
Previous studies have implicated the use of self-reported bleeding history and timing surrounding the natural menopausal transition as a potential source of differential misclassification 10 and recall bias. 11 Reliance on self-reported surgical history may further introduce bias to menopause status classification if women are unable to accurately selfreport their surgical history. Few previous studies have attempted to assess the accuracy of self-report of surgical menopause but have been limited to the validation of recent surgical menopause.
In this study, we assessed the validity of self-reported hysterectomy and oophorectomy through comparison of medical records and self-reported surgical histories. Through medical record review and linkage of surgical records with breast cancer screening questionnaires, we estimate the sensitivity and positive predictive value (PPV) of selfreported hysterectomy and oophorectomy history.
METHODS
The present study uses data from questionnaires completed by women enrolled in the Breast Cancer Screening Program within Group Health's integrated group practice, based in western Washington State. 15 Women who receive a screening or diagnostic mammogram at any Group Health facility are asked to complete a brief questionnaire, including questions on known breast cancer risk factors such as reproductive history and family history. The questionnaire also inquires about the timing of a woman's last menstrual period and, among women no longer experiencing menstrual cycles, the reason for and timing of cessation of menstruation. 16 Specifically, all women who report that their menstrual periods have stopped are asked to specify why their menstrual periods stopped, with a number of ordered options provided (Fig. 1) . Electronic medical records are available for all Group Health enrollees and include information on previous surgical procedures performed at Group Health facilities, as well as some historical information regarding procedures performed before Group Health enrollment and self-reported medical history.
We undertook two different examinations using these data to assess (1) the sensitivity of self-reported surgical history by reviewing the questionnaire responses of women with a surgical history identified from electronic procedure codes and (2) the PPV of self-reported surgical history by reviewing the medical records of women who self-reported a surgical menopause. The analyses presented here are restricted to women who underwent surgical menopause before age 50 years.
Sensitivity of self-report
Using electronic outpatient procedures data as well as Current Protocol Terminology (00846, 00944, 01962-3, 56308, 58150, 58152, 58180, 58200, 58210, 58260, 58275, 58280, 58550, and 58942) and International Classification of Disease, Ninth Revision inpatient procedure codes (65.6, 68.3-68.7, and 68.9) from Group Health medical records, we generated a list of Group Health members who had received a hysterectomy and/or bilateral oophorectomy between 1996 and 2003 when they were younger than 50 years. This list was linked to records of women who had completed a breast cancer screening questionnaire to identify women who had completed a questionnaire after their surgery. We identified 1,996 women with a hysterectomy and/or bilateral oophorectomy before age 50 years who had subsequently completed one or more questionnaires. Overall, records for 1,935 hysterectomies and 1,010 bilateral oophorectomies were linked to completed questionnaires. A total of 949 (48%) women had undergone both surgeries, 986 (49%) women had undergone hysterectomy alone, and 61 (3%) women had undergone bilateral oophorectomy alone.
We estimated the sensitivity of self-reported hysterectomy and bilateral oophorectomy history as the proportion of women with documented surgery who, on subsequent screening questionnaires, self-reported surgery as a reason why their menstrual periods had stopped. Sensitivity was calculated in three ways: (1) based on the most recently completed questionnaire, (2) based on the first questionnaire completed after the documented surgery, and (3) based on the set of questionnaires completed at least 5 years after surgery, with one questionnaire randomly selected from each individual who had completed more than one questionnaire in that time frame.
Sensitivity of self-reported unilateral oophorectomy was not assessed because few women underwent this surgery in the Group Health system during the study period and because FIG. 1. Questionnaire items for the determination of self-reported menopause status in the Breast Cancer Risk Factor Questionnaire. 16 unilateral oophorectomy itself would not be expected to cause the cessation of menstrual periods.
PPV of self-report
On the basis of questionnaire data from women receiving mammograms at Group Health in 2005, we identified a total of 9,770 women who self-reported surgical menopause before age 60 years. We used stratified random sampling to select 200 women for medical record review, stratifying on the type of surgery reported to identify a study sample with an equal number of women reporting surgical menopause attributable to different combinations of hysterectomy and oophorectomy history. The women included in this random sample were not significantly different from the overall population of women self-reporting a surgical menopause with respect to age at the time of survey or self-reported age at menopause. The analysis presented here was restricted to the subset of this abstracted population with self-reported surgical menopause occurring before age 50 years (n = 122, 61%), including 22 women with a hysterectomy alone, 18 women with a hysterectomy and one ovary removed, 22 women with a hysterectomy and both ovaries removed, 17 women with a hysterectomy and unknown oophorectomy status, 13 women with a unilateral oophorectomy only, 17 women with a bilateral oophorectomy only, and 13 women with menopause attributed to another or unspecified surgery.
We reviewed electronic medical records for information to confirm or refute self-reported surgical history, starting with surgical and pathology reports from menopausal surgeries (available for 13% of women). In the absence of surgical or pathology reports, we attempted to locate information from transcribed results of pelvic imaging and pelvic physical examinations indicating the presence or absence of the uterus and ovaries (37%). If no information was available from these sources, we attempted to locate information in transcribed medical histories (43%), understanding that medical histories were likely to be self-reported. In the absence of information from all of these sources, surgical history was recorded as indeterminable from the medical records (9%). When available, we recorded the date of reported surgeries.
On the basis of self-report and information extracted from medical records, we calculated the PPV of self-reported hysterectomy, unilateral oophorectomy, and bilateral oophorectomy, excluding women whose surgical history was indeterminable from medical records. We conducted sensitivity analyses to assess the impact of various assumptions on PPV estimates, recalculating the PPV under different scenarios: (1) excluding women with information from transcribed medical histories only, (2) assuming that all women with missing information had no surgical history, and (3) assuming that all women with missing information had correctly self-reported their surgical history.
RESULTS

Sensitivity of self-report
Sensitivity estimates were substantially higher for hysterectomy (91%) than bilateral oophorectomy (64%) ( Table 1) . The sensitivity of self-reported hysterectomy was similar regardless of whether women underwent a bilateral oophorectomy (Table 2) . However, the sensitivity of self-reported bilateral oophorectomy was higher among women who had also undergone a hysterectomy compared with women who had undergone an oophorectomy alone (65% vs 49%). Among women who underwent both procedures before age 50 years, 59% reported both surgeries as reasons why their periods stopped, 31% reported only their hysterectomy, 3% reported only their bilateral oophorectomy, and 7% reported neither surgery as the reason for the cessation of menstruation. Approximately 62% of women who had undergone a bilateral oophorectomy without hysterectomy during the study period reported that their menstrual periods had ceased subsequent to a hysterectomy, most of whom also self-reported a bilateral oophorectomy. Only 23 (1%) women who had undergone a hysterectomy and 13 (1%) of women who had undergone bilateral oophorectomy reported a natural menopause. Sensitivity estimates for both hysterectomy and bilateral oophorectomy were substantially lower among women who underwent these surgeries between ages 50 and 59 years (67% and 43%, respectively). No appreciable differences were observed between sensitivity estimates based on questionnaires completed at least 5 years after surgery and estimates based on the first questionnaire completed after surgery.
PPV of self-report
Information in medical records pertaining to history of menopausal surgeries was sparse (Table 3) : surgical/pathology reports could be located for only 10% of self-reported hysterectomies and 19% of reported oophorectomies (unilateral and bilateral). In 6% of women who self-reported a hysterectomy, there was no mention in medical records as to the presence or absence of a uterus; there was no mention as to the presence or absence of ovaries in 21% of women who self-reported an oophorectomy. When it was possible to locate information in medical records relevant to a woman's surgical history, that information was almost always in agreement with self-reported surgical history. The PPVs for the self-report of hysterectomy and oophorectomy were high, ranging from 73% to 100% (Table 4) .
The PPV for a self-report of hysterectomy was high regardless of how missing data were treated (97%). The PPV for self-reported oophorectomy was also high but differed according to the number of ovaries reportedly removed (100% for bilateral and 73% for unilateral). Information contrary to self-report was located in medical records for two women who self-reported a hysterectomy and seven women who reported a unilateral oophorectomy (one whose records indicated that both ovaries were still intact and six whose records indicated that both ovaries had been surgically removed). There was good agreement between the selfreported timing of cessation of menstruation and surgery data recorded in medical records, and estimates did not vary markedly according to whether women reported surgical menopause less than 15 years or at least 15 years before completing the questionnaire (results not shown). Estimated PPVs changed only marginally when women with validation from transcribed medical histories were excluded (Table 4) . PPV estimates were not affected by including data from women aged 50 to 59 years at the time of menopause included in the original abstracted data set (results not shown).
DISCUSSION
Our results suggest that the sensitivity and PPV of selfreported history of hysterectomy are high, implying that self-report is a valid means of collecting hysterectomy history. Approximately 91% of women who underwent a hysterectomy when they were younger than 50 years reported surgery as a reason that their menstrual periods had ceased on subsequent screening questionnaires; only 3% of women who self-reported a hysterectomy on their questionnaire had information in their medical records to suggest the continued presence of an intact uterus. We found no difference in the sensitivity of self-reported hysterectomy by history of bilateral oophorectomy and no evidence to suggest that PPV or sensitivity of hysterectomy varied with time in the 5 to 9 years after surgery.
With respect to bilateral oophorectomy, we observed a high PPV (100%) but low sensitivity (64%), suggesting underreporting of this surgery. Less than two thirds of women with a documented bilateral oophorectomy performed before age 50 years reported on subsequent screening questionnaires that their menstrual periods had ceased because of a bilateral oophorectomy. PPV analyses found the validity of self-reported unilateral oophorectomy to be lower than that for bilateral oophorectomy and suggested that a substantial proportion of women who self-report having had a unilateral oophorectomy have actually had both ovaries removed. More than 60% of women who underwent a bilateral oophorectomy without hysterectomy during the study period self-reported cessation of menstruation resulting from a hysterectomy; although we cannot rule out the possibility that these women received a hysterectomy before the study period, the underreporting of bilateral oophorectomy as a cause of menopause remains concerning given that young women who receive a simple hysterectomy (ie, without bilateral oophorectomy) may continue to experience ovarian cycling until bilateral oophorectomy, even in the absence of menstruation. However, given that some women may have already been postmenopausal at the time of surgery, underreporting of these surgeries does not necessarily imply underreporting of oophorectomy as a reason for cessation of menstruation.
There are several limitations inherent to the present study, mostly related to the design of the study questionnaire and the availability of information in medical records. With respect to our sensitivity analyses, we were not able to rule out the possibility that natural menopause, or menopause due to another reason, had preceded the documented surgery. Specifically, the questionnaire asked women to report the reason that their menstrual periods had ceased, with no separate question inquiring on history of hysterectomy or oophorectomy. If women who did not self-report their documented surgeries failed to do so because they had undergone natural menopause before their surgery, our estimates of sensitivity will be conservatively low. Given that, in the absence of bilateral oophorectomy, approximately 80% of white US women remain hormonally premenopausal through age 49 years, 17 we attempted to minimize this conservative bias by restricting the present analysis to women younger than 50 years at the time of surgery. In fact, we observed that only 13% of women who had undergone a hysterectomy and did not report surgery as a reason for the cessation of their menstruation reported a natural menopause. Thus, although the proportion of women included here who will have undergone natural menopause before surgery is not negligible, we anticipate that the bias to sensitivity estimates due to inclusion of these women should be small.
In addition, because our sensitivity estimates were limited to surgeries performed in 1996 to 2003 and to women who underwent surgeries before age 50 years, it is difficult to extrapolate to women with less recent surgical procedures. It is possible that the sensitivity of self-report wanes with time since surgery, although we found no difference in sensitivity estimates based on questionnaires completed at least 5 years after surgery and estimates based on the first questionnaires completed after surgery.
There are several possible reasons for the observed underreporting/misreporting of oophorectomy history: (1) women may not know if/how many ovaries they have had removed; (2) women may have forgotten if/how many ovaries they have had removed; and (3) women may not understand that having both of their ovaries removed would result in the cessation of menstruation or, if they have also had a hysterectomy, may not understand the additional relevance of having their ovaries removed. Underreporting may also reflect issues with the design of the screening questionnaire if the wording and ordering of possible reasons for cessation of menstruation led fewer women to report their history of oophorectomy.
The primary limitation of our PPV estimations was the scarcity of information in medical records, even for women with surgeries reportedly performed in the past 15 years. There was no mention as to the presence or absence of ovaries in medical records of 21% of women who selfreported an oophorectomy, and such information had to be gleaned from transcribed medical histories for 37% of such women. Using information from medical histories in the absence of more concrete evidence may have biased the estimates of PPV for menopausal surgeries, although PPV estimates did not markedly change after exclusion of women for whom the only source of information was a medical history.
We estimate a higher PPV for self-reported hysterectomy than was previously suggested by Brett and Madans. 12 In a medical record review of 452 participants in the National Health and Nutrition Examination Survey who had reported no history of hysterectomy at baseline but reported a hysterectomy in a follow-up interview (1982-1984, 1986, or 1987) , confirmation from hospital records could be located for only 298 (66%). The fact that we observed a larger PPV than did the authors of this study may suggest improved awareness among women with regard to understanding the nature of the procedure or increasing documentation in medical records; it may also reflect the fact that the present study was conducted in an integrated group practice setting where access to medical records is likely to be more complete.
CONCLUSIONS
Despite study limitations, this analysis provides suggestive evidence that self-report of history of hysterectomy is valid and sensitive. This finding is reassuring given the relevance of hysterectomy to disease risk and to the determination of menopause status. Previous studies have suggested that in the absence of bilateral oophorectomy, women who undergo a hysterectomy experience a more rapid loss of ovarian function after surgery relative to women of a similar age who do not undergo hysterectomy, which would translate to an earlier average age at menopause. 18, 19 This study does, however, raise concerns regarding the completeness of selfreport for oophorectomy history. We estimate that almost 20% of women who self-report a unilateral oophorectomy will have had both ovaries removed. We also found that less than two thirds of women who had undergone a bilateral oophorectomy before age 50 years reported surgery as a reason that they had undergone menopause. Misreporting and underreporting of oophorectomy history are particularly relevant to the classification of menopause status in epidemiologic studies: regardless of hysterectomy status, women with at least one ovary may continue ovulating up to the age of natural menopause, whereas hormone cycling will cease after the removal of both ovaries. Thus, women with a bilateral oophorectomy who self-report having had only one or no ovaries removed may be misclassified as premenopausal or of unknown menopause status. As epidemiologists, we often weigh the cost-benefit of having longer questionnaires to more accurately ascertain exposures or potential covariates. Given the importance of menopause status to many outcomes, including breast cancer and cardiovascular disease, it may be important to inquire, in separate questions, whether or not women have ever had a hysterectomy, whether or not they have ever had surgery to remove both ovaries and the timing of such surgical procedures, and whether or not they underwent these surgical procedures before experiencing the cessation of menstrual periods.
More that 600,000 hysterectomies are performed every year in the United States, and it is estimated that approximately 20% of US white women aged 40 to 49 years have received a hysterectomy, with approximately 50% of these women also having had both ovaries removed. 20 Given the widespread prevalence of these surgeries and their relevance to disease risk and to the determination of menopause status, knowing the validity of self-reported surgical history is an important step to developing a broad set of rules for classifying menopause status in epidemiologic studies using self-reported data. The limitations encountered in this analysis support the need for more detailed, specific questions regarding menopausal surgeries in epidemiologic studies and highlight the lack of adequate reporting of previous menopausal surgeries in medical records. In the context of these limitations, estimates of PPV and sensitivity of self-reported surgical history from this analysis indicate that women are able to recall and report their history of hysterectomy with great accuracy and to recall and report their history of bilateral and unilateral oophorectomy with only moderate accuracy.
